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Kerma-area prod uct and kerma-length prod uct are im por tant prac ti cal dosimetric quan ti ties
used in di ag nos tic ra di ol ogy. These quan ti ties are mea sured by spe cial types of do sim e ters
which are cal i brated in stan dard ra di a tion qual i ties es tab lished in cal i bra tion lab o ra to ries.
How ever, in clin i cal prac tice the do sim e ters are used in dif fer ent con di tions, in clud ing the ra -
di a tion qual ity and field size. In this pa per, en ergy and field size de pend ence are stud ied for
both types of do sim e ters. One do sim e ter of each type is tested. The KAP-me ter has shown sig -
nif i cant de pend ence on both ra di a tion qual ity and field size, while the de pend ence of the
CT-cham ber is much less pro nounced. Two dif fer ent ap proaches can be used to cor rect for the
dif fer ence be tween con di tions dur ing cal i bra tion and in clin i cal prac tice. When the clin i cal
beam is well char ac ter ized and en ergy and field size de pend ence of the do sim e ter are well
known, the op ti mum so lu tion is to ap ply the ad e quate cor rec tion fac tor to the mea sure ments,
keep ing mea sure ment un cer tainty as low as pos si ble. If this is not the case, the above lim i ta -
tions must be taken un der con sid er ation in the cal cu la tion of the ex panded un cer tainty bud -
get.
Key words: kerma-area prod uct, kerma-length prod uct, en ergy re sponse, field size, do sim e try,
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IN TRO DUC TION
Ion iz ing ra di a tion has been used for med i cal
pur poses for over a cen tury. Ac cord ing to the
UNSCEAR re port, the num ber of an nual med i cal ex -
po sures in the world is mea sured in bil lions [1]. Cur -
rently, sev eral ra di a tion sources are in wide spread use: 
X-ray units, in clud ing mam mog ra phy units and com -
puted to mog ra phy (CT) scan ners, open and closed
radionuclide sources and ac cel er a tors. These sources
are used in dif fer ent med i cal prac tices: di ag nos tic ra -
di ol ogy (in clud ing the pro ce dures guided by the im age 
ob tained by ra di a tion), ra dio ther apy and nu clear med -
i cine. The safe use of ra di a tion sources for med i cal
pur poses is of great con cern and the con cerns in clude
med i cal ex po sure, as well as oc cu pa tional ex po sure
and the ex po sure of the gen eral pub lic [1]. Due to the
wide va ri ety of source types, med i cal prac tices and ap -
pli ca tions, the in stru men ta tion used for do sim e try in
clin i cal applications is very di verse and so are the cal i -
bra tion pro ce dures, ac cu racy re quire ments and op er a -
tion procedures.
Di ag nos tic ra di ol ogy ex am i na tions ac count for
more than half of the an nual per ca pita ef fec tive dose
aris ing from ar ti fi cial sources. The num ber of med i cal
ex am i na tions is ris ing ev ery year and al though the ef -
fec tive dose per ex am i na tion is fall ing, the col lec tive
ef fec tive dose is ris ing. In the last de cades, there was a
sig nif i cant in crease of the num ber of CT ex am i na tions
and CT has be come the most im por tant ar ti fi cial
source, ac count ing for al most half the ef fec tive dose
re sult ing from ar ti fi cial sources [1, 2].
Two phys i cal quan ti ties are used in qual ity con -
trol and ra di a tion pro tec tion in di ag nos tic ra di ol ogy: air
kerma-area prod uct (KAP or PKA) and air kerma-length
prod uct (PKL). PKA is used in ra di ol ogy, flu o ros copy
and interventional pro ce dures and PKL is used for CT
ap pli ca tions. These quan ti ties are mea sured by two spe -
cially de signed do sim e ters, KAP-me ters and CT-cham -
bers [3]. Due to large dose con tri bu tions of di ag nos tic
ra di ol ogy pro ce dures, the op ti mi za tion of ra di ol ogy
pro ce dures and qual ity con trol are of great im por tance,
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while the ac cu racy of mea sure ments per formed by
KAP-me ters and CT-cham bers must be as high as pos -
si ble.
Dur ing the clin i cal use of CT-cham bers and
KAP-me ters many prob lems may arise, mainly be -
cause of the use of do sim e ters in con di tions sig nif i -
cantly dif fer ent from cal i bra tion con di tions. More -
over, in many cases dif fer ences can re sult in
sig nif i cant er rors in the mea sured quan ti ties if the ap -
pro pri ate cor rec tions are not ap plied or if the wrong
cal i bra tion and cor rec tion fac tors are used. The two
most im por tant fac tors are the en ergy spec trum and the 
field size. Sev eral pre vi ously pub lished stud ies found
a sig nif i cant in flu ence of these quan ti ties on KAP-me -
ters' re sponse [4-6]. Stud ies per formed on com mer cial
[7] and cus tom made [8] CT-cham bers found a much
smaller de pend ence of these quan ti ties.
One way to over come the dif fer ences is by per -
form ing in-situ cal i bra tions [9], pro vided that the ref -
er ence do sim e ter's en ergy and field size de pend ence
of re sponse is known and taken into ac count in cal i bra -
tions. In this pa per, an al ter na tive ap proach to this
prob lem will be adopted and it will be shown how the
cor rec tion fac tors for these in flu ence quan ti ties can be
de ter mined, or al ter na tively, how their in flu ence can
be taken into ac count in the un cer tainty bud get.
THE ORY AND METH ODS
Air-kerma area prod uct and air-kerma length
prod uct are spe cial dosimetric quan ti ties pri mar ily
used in di ag nos tic ra di ol ogy. Quan tity PKA is used in
var i ous med i cal im ag ing mo dal i ties such as ra di og ra -
phy, flu o ros copy, and interventional ra di ol ogy to es ti -
mate or gan doses, ef fec tive doses, es tab lish di ag nos tic 
ref er ence lev els and for qual ity con trol [4, 10] ; PKL is
used for es ti mat ing pa tient doses in com puted to mog -
ra phy, es tab lish ing dose ref er ence lev els, etc. [2, 11,
12]. Do sim e ters used for mea sur ing these two quan ti -
ties are usu ally ion iza tion cham bers. In the case of
PKA, they are plane par al lel trans mis sion cham bers,
de signed to in ter act with the ra di a tion beam min i -
mally. They can be cal i brated to mea sure in ci dent PKA
(used mainly for qual ity con trol pur poses) and trans -
mit ted PKA (used for pa tient dose es ti ma tion) [3]. In
this pa per, do sim e ters of this type will be called
KAP-me ters. PKL is usu ally mea sured by pen cil
shaped ion iza tion cham bers and will be re ferred to as
CT-cham bers.
PKA is de fined as the air-kerma in te gral over the
ir ra di ated area in X-ray beam in plane per pen dic u lar to 
beam axis. If air-kerma is de noted by Ka, ir ra di ated
area by A and space di men sions by x and y, PKA can be
ex pressed by [3]
P K x y
A
KA d d= ∫ a (1)
PKL is anal o gously de fined as air-kerma in te gral
over the ir ra di ated length. If length is de noted by L,
then PKL can be ex pressed by eq. (2) [3].
P K x
L
KL d= ∫ a (2)
In clin i cal set tings, cal i bra tions of KAP-me ters
can be per formed by di rect com par i son with ref er ence
do sim e ters of the same type. How ever, in ref er ence
do sim e try lab o ra to ries, the ref er ence value of air
kerma at the plane of mea sure ment is de ter mined and
mul ti plied by the ir ra di ated area or length at the same
plane of mea sure ment to ob tain the ref er ence value of
PKA or PKL. This cal i bra tion method is de scribed in the
In ter na tional Atomic En ergy Agency (IAEA) Tech ni -
cal Re port Se ries (TRS) 457 [3]. In stan dard set-up, fo -
cus to de tec tor dis tance (FDD) is 100 cm. An ap er ture
is po si tioned at ap prox i mately 95 cm from the fo cus, in 
or der to limit the field size. Ap er ture di men sions, dis -
tance from the fo cus and do sim e ter should be pre cisely 
known, be cause the field size at the plane of mea sure -
ment is of crit i cal im por tance for cal i bra tions in terms
of PKA or PKL. It is also im por tant that both the ap er ture 
and the de tec tor are per pen dic u lar to the beam axis.
For  100  mm  length  CT-cham ber  cal i bra tions, the
rec om mended ap er ture length is be tween 20 mm and
50 mm and the width ap prox i mately 2 cham ber di am e -
ters. For KAP-me ters, the ap er ture should be cir cu lar
with  a  50  mm  di am e ter,  or  square  with  di men sions
50 mm × 50 mm [3]. The field size at the plane of mea -
sure ment is cal cu lated ac cord ing to IAEA TRS 457
[3].
Due to the dif fer ence in ap pli ca tion of KAP-me -
ters and CT-cham bers, their cal i bra tions are also per -
formed in dif fer ent ra di a tion qual i ties. KAP-me ters
are cal i brated in RQR se ries (IEC stan dard 61267
[13]) .These qual i ties cor re spond to the pri mary beams 
used in flu o ros copy and ra di og ra phy. X-ray tube volt -
age is be tween 40 kV and 150 kV and the first half
value layer (HVL) be tween 1.42 mm Al (mil li me ter of
alu mi num equiv a lent) and 6.57 mm Al. On the other
hand, CT-cham bers are cal i brated in RQT se ries,
which cor re sponds to pri mary beams in com puted to -
mog ra phy [13]. These qual i ties have a higher mean
en ergy than RQR se ries qual i ties and the first HVL are
be tween 6.9 mm Al and 10.1 mm Al. The tube volt age
is be tween 100 kV and 150 kV.
The cal i bra tion fac tor is de ter mined as the ra tio
of the ref er ence value of a quan tity to the in stru ment's
in di ca tion cor rected for air den sity and is cal cu lated
for dif fer ent en ergy qual i ties and field sizes. The re -
sponse of the in stru ment is de fined as the in verse of the 
cal i bra tion fac tor. The en ergy de pend ence of the in -
stru ment is de ter mined by plot ting in stru ment re -
sponse ver sus the dif fer ent RQR or RQT qual i ties
mean en er gies. In di ag nos tic ra di ol ogy, the first HVL
is usu ally used to char ac ter ize the en ergy spec trum.
De pend ence on the beam size is de ter mined by plot -
ting in stru ment re sponse ver sus beam size [3].
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EX PER I MEN TAL PRO CE DURE
All mea sure ments were per formed in the Sec -
ond ary Stan dard Do sim e try Lab o ra tory (SSDL) of the
Greek Atomic En ergy Com mis sion (EEAE). Ir ra di a -
tions were per formed us ing the PANTAK PMC1000
X-ray unit. Ref er ence val ues of air kerma were mea -
sured us ing the work ing stan dard ion iza tion cham ber
Inovision 96035B, trace able to the pri mary stan dard of  
Physikalisch-Technische Bundesanstalt (PTB). For
the pur poses of this pa per, two in stru ments were stud -
ied: KermaX – plus DDP TinO (IBA Scanditronix
model 120-205) KAP-me ter and Radcal model 9010
CT cham ber.
KAP-me ter re sponse
The ir ra di a tion scheme for KAP-me ter ir ra di a -
tion is given in fig. 1. The scheme is sim pli fied and
does n't show in her ent and added fil tra tion of the X-ray 
unit, ap er tures (other than A1) and the shut ter. Ap er -
ture A1 is used to de limit the ir ra di a tion field at
KAP-me ter po si tion. The field size is cho sen so that
about 50 % of KAP-me ter sur face is ir ra di ated. The
KAP-me ter is used in po si tion 2 only when trans mit ted 
kerma ref er ence val ues are de ter mined, in or der to
sim u late beam ab sorp tion. The ref er ence point of the
KAP-me ter was the cen ter of the en trance win dow for
in ci dent kerma cal i bra tion and the cen ter of the back
win dow for trans mit ted kerma cal i bra tion. The ref er -
ence cham ber is po si tioned in the ad e quate po si tion for 
in ci dent and trans mit ted ir ra di a tion. The source to
cham ber dis tance (SCD) was 1000 mm for in ci dent
kerma cal i bra tion and 1016 mm for trans mit ted kerma
cal i bra tion. The ref er ence value of air kerma was mea -
sured at both dis tances. KAP-me ter po si tion 1 was the
same in both in stances.
The dis tance be tween the front side of the ap er -
ture and the en trance win dow of the KAP me ter (DCD)
was 56.2 mm and the thick ness of the ap er ture was 5
mm. The dis tance be tween the ap er ture and the en trance 
win dow of the KAP-me ter (dinc) was 51.2 mm and this
dis tance was used to cal cu late the di men sions of the in -
ci dent beam. The dis tance be tween the ap er ture and the
rear sur face of the KAP-me ter (dtrans) was 67.2 mm, and
this dis tance was used for trans mit ted air kerma mea -
sure ments.
Three  qua dratic  ap er tures with di men sions of
50 mm × 50 mm, 80 mm × 80 mm and 100 mm × 100 mm 
were used for the eval u a tion of field size de pend ence.
The field sizes for three dif fer ent ap er tures at the po si -
tion of the cham ber were 2780 mm2, 7110 mm2, and
11100 mm2 for in ci dent air kerma  and 2870 mm2,
7340 mm2, and 11500 mm2 for trans mit ted air kerma. 
Four RQR se ries qual i ties were cho sen for PKA
mea sure ments: RQR 3, RQR 5, RQR 6, and RQR 8.
The qual i ties were es tab lished ac cord ing to IEC 61267 
[13] and their prop er ties as de ter mined by mea sure -
ments are pre sented in tab. 1.
CT-chamber response
The set-up used for the de ter mi na tion of the re -
sponse of the CT-cham ber is shown in fig. 2. The
scheme was sim pli fied in the same way as for PKA
mea sure ments and the ap er ture A1 lim its the ir ra di ated 
length of the CT-cham ber. In this case, the de ter mi na -
tion of the ref er ence value of air kerma is per formed
with out ap er ture, so the ref er ence cham ber di men -
sions are not crit i cal.
Three ap er tures with the length (di men sion par -
al lel with the axis of CT cham ber) of 20 mm, 30 mm,
and 50 mm were used and the ir ra di ated length of the
CT cham ber was 21.8 mm, 32.7 mm, and 52.6 mm, re -
spec tively. Ad di tional mea sure ments were per formed
with out ap er ture, in which case the nom i nal ac tive
length of the CT-cham ber was used in cal cu la tions –
100 mm.
Three qual i ties from the RQT se ries were used
for PKL mea sure ments: RQT 8, RQT 9, and RQT 10.
The qual i ties were es tab lished by add ing fil tra tion to
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Fig ure 1. Mea sure ment set-up used dur ing
KAP-me ter cal i bra tions
Ta ble 1. Prop er ties of the ra di a tion qual i ties from RQR








Ad di tional tube
fil tra tion* [mm]
HVL
[mm]
RQR 3 50 20 2.22 Al 1.81Al
RQR 5 70 25 2.70 Al 2.58 Al
RQR 6 80 20 2.85 Al 2.95 Al
RQR 8 100 10 3.20 Al 3.98 Al
* In her ent tube fil tra tion con sists of 3 mm Be and 5.2 mm PMMA
Fig ure 2. Mea sure ment set-up used dur ing
CT-cham ber cal i bra tions
the es tab lished RQR qual i ties, ac cord ing to IEC
61267 [13] and their prop er ties as de ter mined by mea -
sure ments are pre sented in tab. 2.
RE SULTS
KAP-me ter
KAP-me ter en ergy de pend ence and de pend ence
on the field size were de ter mined for in ci dent and
trans mit ted ra di a tion beams sep a rately. The KAP-me -
ter re sponse was nor mal ized to a re sponse de ter mined
by us ing RQR 5 ra di a tion qual ity and a 5 cm × 5 cm ap -
er ture. Ab so lute val ues of the KAP-me ter re sponse for 
ref er ence con di tions were 1.020 for in ci dent air kerma
and 1.129 for trans mit ted. Com bined and ex panded
mea sure ment un cer tainty (k = 2) for KAP-me ter cal i -
bra tion was 3.8 %.The re sponse de pend ence on en -
ergy and field size is dis played in fig. 3 for in ci dent air
kerma and in fig. 4 for the trans mit ted air kerma.
The re sults show sim i lar trends for in ci dent and
trans mit ted air kerma.  The re sponse de clines with the
field size for all in ves ti gated ra di a tion qual i ties and
both mea sure ment set-ups. The dif fer ence in re sponse
for  the  min i mum  and  max i mum field size is be tween
6 % and 9 %. On the other hand, en ergy de pend ence is
al most flat be tween qual i ties RQR 5 and RQR 8, with
the max i mum dif fer ence be ing 3.5 %. The dif fer ence
be tween RQR 3 and the ref er ence qual ity is up to 9 %.
CT-cham bers
CT-cham ber re sponse was de ter mined for 3 ra di -
a tion qual i ties and 4 field sizes. The re sponse was nor -
mal ized to RQT 9 ra di a tion qual ity, which is the ref er -
ence qual ity for the RQT se ries in di ag nos tic ra di ol ogy 
and 3 cm ap er ture. The re sults are shown in fig. 5.
Com bined  and  ex panded  mea sure ment  un cer tainty
(k = 2) for CT-cham ber cal i bra tion was 2.9 %.
Re sults show that the CT-cham ber re sponse de -
creases mo not o nously with ra di a tion en ergy, but the
dif fer ences are small – less than 1.5 %. The re sponse is
also de pend ent on the field size and the max i mum dif -
fer ence oc curs be tween ap prox i mately 2 cm and 3 cm
– just un der 2 %.
DIS CUS SIONS
It is ev i dent from the re sults that there is a sig nif -
i cant de pend ence of the KAP-me ter re sponse on ra di a -
tion qual ity and field size. The de pend ence of the
CT-cham ber is less pro nounced, but still needs to be
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Ta ble 2. Prop er ties of the ra di a tion qual i ties from RQT









fil tra tion* [mm]
HVL
[mm]
RQT 8 100 20 3.20 Al + 0.20 Cu 7.05 Al
RQT 9 120 20 3.55 Al + 0.25 Cu 8.41 Al
RQT 10 150 15 4.25 Al + 0.30 Cu 10.39 Al
* In her ent tube fil tra tion con sists of 3 mm Be and 5.2 mm PMMA
Fig ure 3. Re sponse of the KAP-me ter vs. the field size for
the in ci dent ra di a tion for dif fer ent ra di a tion qual i ties of
the RQR se ries, nor mal ized to the re sponse
de ter mined for RQR 5 ref er ence qual ity
Fig ure 4. Re sponse of the KAP-me ter vs. the field size for
trans mit ted ra di a tion for dif fer ent ra di a tion
qual i ties of the RQR se ries, nor mal ized to the re sponse
de ter mined for RQR 5 ref er ence qual ity
Fig ure 5. Re sponse of the CT-cham ber vs. the field size
for dif fer ent ra di a tion qual i ties from the RQT se ries,
nor mal ized to the re sponse de ter mined for RQT 9
ref er ence qual ity
taken into ac count. If the de pend ence is ig nored and
the do sim e ters are used in con di tions dif fer ent from
cal i bra tion con di tions, a sys tem atic er ror will be in tro -
duced into mea sure ments and mea sure ment un cer -
tainty would be un der es ti mated.
These prob lems can be ap proached in two dif fer -
ent ways, de pend ing on the prac tice and need for ac cu -
racy. The first ap proach is the use of cor rec tion fac tors, 
the sec ond the ex pan sion of the un cer tainty bud get.
In or der to ap ply cor rec tion fac tors, a nec es sary
con di tion is that the ra di a tion qual ity and field size are
known for ev ery mea sure ment that is per formed,
which is not al ways the case. An other con di tion is that
the en ergy de pend ence and de pend ence on field size of 
the do sim e ter were de ter mined in a cal i bra tion lab o ra -
tory. The de pend ence can be pre sented graph i cally, as
in figs. 3-5, in which case the cor rec tion fac tor can be
de ter mined by in ter po la tion for any ra di a tion qual ity
and field size. It is also com mon to pro vide tab u lar rep -
re sen ta tion of these data. In both cases, ex trap o la tion
is strongly dis cour aged, es pe cially on the side of low
en er gies. A prob lem with this ap proach is that in some
prac tices (interventional ra di ol ogy, pe di at rics) cop per
fil tra tion is of ten used to gether with alu mi num fil tra -
tion, caus ing beam hard en ing. Ra di a tion qual i ties es -
tab lished in this man ner have HVL that are not cov ered 
by in ter na tional stan dards [14]. An other prob lem is
the mea sure ment un cer tainty as so ci ated with mea sur -
ing HVL and field size in clin i cal con di tions, which is
of ten sig nif i cant.
When low mea sure ment un cer tainty is not of crit -
i cal im por tance, or when it is dif fi cult to de ter mine ra di -
a tion qual ity, or en ergy (and field size) de pend ence of
the in stru ment is not known, it is not pos si ble to ap ply
cor rec tion fac tors. How ever, even if no cor rec tion is ap -
plied, the ef fects of ra di a tion en ergy and field size still
ex ist and must be taken into ac count. In these cases, it is
nec es sary to ex pand the un cer tainty bud get to al low for
these in flu ences. Mea sure ment un cer tainty can be es ti -
mated based on mea sure ments per formed in a cal i bra -
tion lab o ra tory, type test ing or based on the tech ni cal
data pro vided by the man u fac turer.
Data rep re sented in figs. 3-5 can be used to es ti -
mate mea sure ment un cer tainty for PKA and PKL mea -
sure ments due to the un known ra di a tion qual ity and
field size. From figs. 3 and 4, it can be seen that the dif -
fer ence be tween the min i mum re sponse and re sponse
in ref er ence qual ity is 9 %. If rect an gu lar prob a bil ity
dis tri bu tion is as sumed, the stan dard un cer tainty is
cal cu lated by di vid ing the in ter val by 2 and by the cov -
er age fac tor, which is 1.73 for rect an gu lar dis tri bu tion. 
The cal cu lated stan dard un cer tainty is 2.6 %. The
same ap proach is ap plied to the in flu ence of field size,
which yields the same un cer tainty. Fi nally, the com -
bined stan dard un cer tainty of these two in flu ences is
3.7 %.
Mea sure ment un cer tainty for PKL mea sure ments 
can be es ti mated from fig. 5. In this case, stan dard un -
cer tain ties in tro duced by ra di a tion qual ity and field
size are 0.43 % and 0.58 %, re spec tively. The com -
bined stan dard un cer tainty aris ing from these two in -
flu ences is 0.72 %. It is im por tant to note that the val -
ues for stan dard un cer tainty pre sented in this pa per are
valid only for these spe cific cham bers and must be es -
ti mated for each cham ber type sep a rately.
CON CLU SIONS
The re sponse of in stru ments used for ion iz ing
ra di a tion mea sure ments in clin i cal prac tice of ten
shows a more or less sig nif i cant de pend ence on var i -
ous in flu ence quan ti ties, among which are ra di a tion
en ergy and field size. A sig nif i cant er ror might arise if
the in stru ments are used in clin i cal prac tice in con di -
tions dif fer ent from ref er ence con di tions dur ing cal i -
bra tion with out ap pro pri ate cor rec tions. In or der to
per form cor rec tions, sev eral con di tions must be met:
ac tual con di tions dur ing clin i cal use must be known, a
cal i bra tion fac tor for ref er ence con di tions must be
known and ap plied and cor rec tion fac tors for in flu -
ence quan ti ties ob tained and ap plied from graphs or
ta bles. If it is not pos si ble to per form cor rec tions, these 
ef fects must be taken into ac count by ex pand ing the
mea sure ment un cer tainty bud get.
In the two ex am ples, it is shown that PKA can be
un der es ti mated as much as 16 % and PKL 2 % when
com mer cially avail able in stru men ta tion is used with -
out ap ply ing ap pro pri ate cor rec tions.
AC KNOWL EDG EMENT
The re search was sup ported by the In ter na tional
Atomic En ergy Agency (IAEA) un der the Pro ject
SRB/6/012 – Up grad ing of Cal i bra tion Ser vice for
Med i cal Ap pli ca tions of Ion iz ing Ra di a tion.
AU THORS' CON TRI BU TIONS
The manu script was writ ten by M. Z. Živanovi}
and N. Lj. Kržanovi}, the fig ures pre pared by N. Lj.
Kržanovi}. Mea sure ment set-up was con ceived and
pre pared by A. G. Boziari and the mea sure ments were
per formed by M. Z. Živanovi}, N. Lj. Kržanovi}, Dj.
R. Lazarevi}, and P. A. Konstantinou. All au thors an a -
lyzed and dis cussed the re sults and re viewed the
manu script. The the o ret i cal anal y sis was car ried out
by A.G. Boziari and Dj. R. Lazarevi}.
REF ER ENCES
[1] ***, UNSCEAR 2008 Re port to the Gen eral As sem -
bly with Sci en tific An nexes, Vol ume I: Sources and
Ef fects of Ion iz ing Ra di a tion, An nex A: Med i cal Ra -
di a tion Ex po sures, United Na tions, New York, USA,
May 2010, ISBN 978-92-1-142274-0
M. Z. @ivanovi}, et al.: The Im pact of Field Size and Ra di a tion Qual ity on ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2018, Vol. 33, No. 1, pp. 87-92 91
[2] Hadnadjev, D. R., et al., Pa tient Doses in Com puted
To mog ra phy: an As sess ment of Lo cal Di ag nos tic
Ref er ence Lev els in a Large Teach ing Hos pi tal, Nucl
Technol Radiat, 27 (2012), 3, pp. 305-310
[3] ***, IAEA Tech ni cal Re port Se ries No 457, Do sim e -
try in Di ag nos tic Ra di ol ogy: An In ter na tional Code of 
Prac tice, IAEA, Vi enna, Aus tria, Sep tem ber 2007,
ISBN 92-0-115406-2
[4] Larsson, P., Cal i bra tion of Ion iza tion Cham bers for
Mea sur ing Air Kerma In te grated over Beam Area in
Di ag nos tic Ra di ol ogy: Fac tors In flu enc ing the Un -
cer tainty in Cal i bra tion Co ef fi cients, Linköping,
Swe den, De cem ber 2006, ISBN: 91-85643-32-7
[5] Bednarek, D. R., Rudin, S., Com par i son of Two
Dose-Area-Prod uct Ion iza tion Cham bers with Dif fer -
ent Con duc tive Sur face Coat ing for Over-Ta ble and
Un der-Ta ble Tube Con fig u ra tions, Health Phys ics,
78 (2000), 3, pp. 316-321
[6] Hourdakis, C. J., et al., Com par i son of Air Kerma
Area Prod uct and Air Kerma Me ter Cal i bra tions for
X-Ray Ra di a tion Qual i ties Used in Di ag nos tic Ra di -
ol ogy. Re port on the EURAMET Pro ject #1177, Iden -
ti fied in the BIPM Key Com par i son da ta base (KCDB) 
as EURAMET RI(I) – S9, Metrologia, 52, (Jan u ary
2015), Tech. Suppl. 06024
[7] Hourdakis, C. J., et al., Com par i son of Pen cil-Type
Ion iza tion Cham ber Cal i bra tion Re sults and Meth ods
be tween Do sim e try Lab o ra to ries, Physica Medica, 32
(2016), Jan., pp. 42-51
[8] Perini, A. P., et al., Char ac ter iza tion of a CT Ion iza -
tion Cham ber for Ra di a tion Field Map ping, Ap plied
Ra di a tion and Iso topes, 70 (2012), 7, pp. 1300-1303
[9] Costa, N. A., Potiens, M. P. A., Cal i bra tion Meth od ol -
ogy Ap pli ca tion of Kerma Area Prod uct Me ters in
situ: Pre lim i nary Re sults, Ra di a tion Phys ics and
Chem is try, 104 (2014), Nov., pp. 201-203
[10] Huda, W., Kerma-Area Prod uct in Di ag nos tic Ra di ol -
ogy, Amer i can Jour nal of Roent gen ol ogy, 203 (2014), 
6, pp. W565-W569
[11] Papadimitriou, D., et al., A Sur vey of 14 Com puted
To mog ra phy Scan ners in Greece and 32 Scan ners in
It aly, Ex am i na tion Fre quen cies, Dose Ref er ence Val -
ues, Ef fec tive Doses and Doses to Or gans, Ra di a tion
Pro tec tion Do sim e try, 104 (2003), 1, pp. 47-53
[12] Tsapaki, V., et al., Dose Re duc tion in CT while Main -
tain ing Di ag nos tic Con fi dence: Di ag nos tic Ref er ence 
Lev els at Rou tine Head, Chest and Ab dom i nal
CT-IAEA-Co or di nated Re search Pro ject, Ra di ol ogy,
240 (2006), 3, pp. 828-834
[13] ***, BS EN 61267:2006: Med i cal Di ag nos tic X-Ray
Equip ment, Ra di a tion Con di tions for Use in the De -
ter mi na tion of Char ac ter is tics, IEC, Geneva, Swit zer -
land, Feb., 2006
[14] Jarvinen, H., et al., Tech ni cal As pects on DAP Cal i -
bra tion and CT Cal i bra tion, EURADOS Re port
2015-03, EURADOS, Braunschweig, Ger many,
Aug., 2015
Re ceived on April 4, 2017
Ac cepted on March 8, 2018
M. Z. @ivanovi}, et al.: The Im pact of Field Size and Ra di a tion Qual ity on ...
92 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2018, Vol. 33, No. 1, pp. 87-92
Milo{ Z. @IVANOVI], Nikola Q. KR@ANOVI],
\or|e R. LAZAREVI], Argiro G. BOZIARI, Panagiota A. KONSTANTINOU
UTICAJ  VELI^INE  POQA  I  KVALITETA  ZRA^EWA
NA  ODZIV  KAP-METRA  I  CT-KOMORE
Proizvod kerme i povr{ine i proizvod kerme i du`ine su va`ne specijalne
dozimetrijske veli~ine koje se koriste u dijagnosti~koj radiologiji. Ove veli~ine mere se pomo}u
specijalnih tipova dozimetara koji se etaloniraju u standardnim kvalitetima zra~ewa
uspostavqenim u laboratorijama za etalonirawe. U klini~koj praksi uslovi su razli~iti od
uslova tokom etalonirawa, ukqu~uju}i kvalitet zra~ewa i veli~inu poqa. U ovom radu su
prou~avane energetska zavisnost i zavisnost od veli~ine poqa za oba tipa dozimetara. Po jedan
dozimetar obe vrste je ispitan. KAP-metar je pokazao zna~ajnu zavisnost odziva i od energije
zra~ewa i od veli~ine poqa, dok je zavisnost odziva CT-komore mnogo mawe izra`ena. Predlo`ena 
su dva na~ina da se uzmu u obzir navedene razlike izme|u klini~kih uslova i uslova tokom
etalonirawa. Ukoliko je klini~ki snop okarakterisan i ako je poznata energetska zavisnost i
zavisnost od veli~ine poqa za dozimetar, optimalno re{ewe je da se na merewa primeni
korekcioni faktor. U tom slu~aju, pove}awe merne nesigurnosti je minimalno. Ako ne postoji
dovoqno podataka da se korekcija primeni, drugo re{ewe je da se pro{iri buxet merne
nesigurnosti.
Kqu~ne re~i: proizvod kerme i povr{ine, proizvod kerme i du`ine, energetska zavisnost,
..........................veli~ina poqa, dozimetrija, metrologija, dijagnosti~ka radiologija,
..........................etalonirawe
